Aflatoxins are carcinogenic, toxic and immunosuppressive substances produced by some species of the fungal genus, Aspergillus. Consumption of aflatoxins can have serious health effects. Widespread in the tropical and sub-tropical world, aflatoxin B1 (AFB1) is found in many staple foods and feeds; after ingestion it is metabolized to aflatoxin M1 (AFM1), which transfers to milk. One option for reducing aflatoxin concentration in cow milk is addition of mycotoxin binders to animal feeds, but little is known about this practice in the smallholder dairy systems in developing countries. We undertook a study to investigate the availability and use of mycotoxin binders in selected urban and peri-urban areas of Kenya. Data were collected using key informant interviews with government officials and one-to-one questionnaire-guided interviews with agrovet outlets (shops that sell animal health products (such as antibiotics) and crop inputs (such as fertilizers) and feed processors. Nine different mycotoxin binder types were reported. They were sold by 8% (4/49) of agrovets and 33% (3/9) of feed processors. The binders were purchased by farmers formulating their own feeds and by feed processors. Our review of regulations found that incorporating binders into animal feeds is not mandatory and there are no specific standards governing their use in Kenya. Feed processors are expected to respect the maximum allowable limit of 5 μg/kg for AFB1 in complete feeds. Gaps in the local feed supplies that may potentially lead to increased risks of aflatoxin exposure through milk are discussed. This study provides key data on the availability and local use of mycotoxin binders, which were previously lacking. However, there is a need for continued research on their effectiveness in the local smallholder context, in order to promote their appropriate use.
Introduction
Aflatoxins are mainly produced by the fungal species Aspergillus flavus and A. parasiticus. In Kenya, maize and groundnuts are frequently contaminated, as well as animal feed. Aflatoxin levels above the WHO/FAO limit of 5 μg/kg (for aflatoxin B1 (AFB1) in feeds) and 0.05 μg/kg (for aflatoxin M1 (AFM1) in milk) have often been reported in Kenya (Lewis et al. 2005; Mwihia et al. 2008; Kang'ethe and Lang'a 2009; Mutegi et al. 2012; Senerwa et al. 2016) . Human exposure is well documented (Yard et al. 2013; Kang'ethe et al. 2017) , and has resulted in serious and acute outbreaks of aflatoxicosis (Azziz-Baumgartner et al. 2005) . Ingestion of AFB1 can have significant health effects in both animals and humans. It is toxic to the liver and, when bound to cellular DNA and RNA, causes genetic alterations with mutagenic, teratogenic, and carcinogenic effects (McLean and Dutton 1995; Wild and Turner 2002) . The International Agency for Research on Cancer (IARC) has classified all aflatoxins as type 1 carcinogens (IARC 2012) .
Aflatoxin M1 (AFM1), a metabolite of AFB1, formed when AFB1 is ingested by people or animals, can be found in milk from cows fed on AFB1-contaminated feed. Carryover from feed to milk is influenced by a range of factors including milk production, breed, health and nutritional status. The best approach for reducing aflatoxin contamination in animal feeds is prevention of mycotoxin formation (Bulent and Dobson 2009) . Several pre-harvest and post-harvest aflatoxin reduction technologies are recommended for this. However, even if used, the risk of feed contamination remains high, especially in a country such as Kenya where the food supply systems are complex, regulatory enforcement is weak, the fungi producing aflatoxins are ubiquitous and food considered unfit for humans is often given to animals (Kiama et al. 2016) . In this context, the use of adsorbing agents or mycotoxin binders is promising. Binders generally consist of clay or yeast-derived products. Several clay materials have been used including bentonite, zeolite and hydrated sodium calcium aluminosilicate (HSCAS) . Binders work by sequestering the toxins in the gastro-intestinal tract of the animal with the resulting complex (binder*toxin) being eliminated through faeces. As a result, toxin uptake and bioavailability are reduced, the animal is protected from the negative health effects, and safer milk is produced.
Mycotoxin binders are popular because of their low cost, ease of use, and effectiveness in small quantities (Marroquin-Cardona et al. 2009; Murugesan et al. 2015) . However, while many binders are marketed worldwide, their effectiveness in preventing aflatoxin uptake varies with the type and amount added. One review cited reductions of AFM1 in milk ranging between 4% and 65% (Giovati et al. 2015) . Moreover, some binders may be ineffective: a study in Brazil showed that about 64% of the products on the market were not effective (Zaviezo 2009; Mallmann and Dilkin 2012) .
The large number of different binders available and evidence of varying quality, efficacy and safety, makes it important to understand if, and how, binders are used in a given context. The objectives of this study were to 1) assess the current use of mycotoxin binders in Kenya (which types, who sells them, who purchases them, what doses are used), and 2) review standards regulating the use of the products in the country. The results are intended to support development of suitable standards for mycotoxin binder regulation, in addition to providing a basis for further research on their effectiveness in local smallholder systems. Our study focused on outlets retailing animal feed. For the purposes of our study, we define Bagrovet^as shops that sell animal health products (such as antibiotics), crop inputs (such as fertilizers) and animal feeds. The last includes complete feeds, or raw materials (e.g. maize bran, cotton seed cake), or both.
Ethical approval for this work was obtained from ILRI's Institutional Research Ethics Committee (IREC) approval number: ILRIIREC2017-10/2. Signed informed consent was sought for all the study participants: agrovet dealers, feed processors, and government officials.
Methods

Study area
This study was conducted in selected urban and peri-urban areas of the Nairobi (Kasarani sub-county) and Kisumu counties, where smallholder dairy farming is common and aflatoxins are encountered in the milk sold (Anyango et al. 2018; Kagera et al. 2019) (Fig. 1) . Kasarani has five administrative areas, namely, Clay City, Mwiki, Kasarani, Njiru and Ruai, which were all included in the study. In Kisumu, we focused on five sub-counties, namely Kisumu East, Nyando, Kisumu West, Kisumu Central and Muhoroni sub-counties. The areas were purposively selected because of their high levels of urban and peri-urban smallholder dairy production. Data were collected in the period from April to May 2018.
Study population
The study population included agrovets (outlets that sell veterinary and agricultural products) and animal feed sellers (feed outlets and millers). We included established cereal millers who were primarily engaged in feed processing.
Sampling and sample size estimation
Using the formula from Dohoo et al. (2003) , with a proportion of shops that stock or sell binders estimated at 30% and a precision estimate of 10%, our calculated sample size (n) was 80 outlets. Based on the list obtained from government offices in both areas, there were approximately 108 eligible outlets, which included agrovets, feed shops, and millers in the study area. Of these, 80 were randomly sampled. However, 22 (28%) were excluded because they were operated by an owner already sampled (so stock and management characteristics were likely to be similar), or only dealt with crop inputs, or the attendants did not have time for interview at the time of the visit. Both the public health section of the Directorate of Veterinary services (DVS) and Kenya Bureau of Standards (KEBS) were included in the study, owing to their role in animal feed regulations, and their specific interest in mycotoxin binder usage in the country. An interview meeting was arranged after having contacted the stakeholders by email and shared details of research work including an interview guide that was used in the study.
3 Data collection 3.1 Questionnaire interviews with agrovet shop owners and feed millers Data from agrovet and feed milling outlets were collected using questionnaires administered through face-to-face interviews. Briefly, the questionnaire covered the binder types available in the Kenyan markets, who sells them, their uses, available quantities, and retail prices. Where it was practically possible, we requested to be shown the mycotoxin binder types available at the time of the visit. Subsequently, for reported type, we performed a website search to extract more data on the product (e.g. mixing rates, composition, quantities packed). While administering the questionnaire to feed millers, we probed for data on raw material supply chain and their perceived sources of aflatoxin contamination.
Key informant interviews
These interviews were conducted with government officials in charge of animal feed standards and regulation of mycotoxin binder usage in the country. A checklist was developed to guide the discussions, which included questions on the effectiveness of available mycotoxin binders, the process of importing these, regulations governing their use, and suggestions on what could possibly be done to improve their use in the country. A more in-depth description of Novasil® is provided, for two reasons, 1) its efficacy in binding aflatoxins has been demonstrated in a number of studies and 2) to inform another study on potential feasibility for use in smallholder 150 km dairy systems (with 1-2 cows) which constitute a large proportion of the farmers in the study areas (Kagera et al. 2019 ).
Data entry and analyses
An MS Excel® (2007) database was designed and the survey data were entered and cleaned. We used Stata® (Stata 2017) to descriptively analyse the data, with results being presented as frequency tables and graphs. For data on binder prices, an average estimate was calculated in cases where two or more price tags (per kg) were given for the same binder type. For other data (i.e. key informant interviews, probed data from feed millers), a description for each sub-section was compiled (e.g. process of importing binders, why aflatoxin contamination has remained a problem, and sources of contamination).
Results
Characteristics of sampled agrovet shops
Most of the surveyed outlets (84%; 49 out of 58) were agrovet shops i.e. those that sold a combination of animal health, crop or animal feed products. The outlets sold feeds (75%), veterinary products (73%) and crop inputs (79%) (Fig. 2) . Thirty percent (n = 36) of the veterinary outlets did not sell injectable medicines as the Kenya Veterinary Board (KVB) does not permit them to handle these products. Two of the agrovet outlets also produced animal feeds, although on a small scale. Outlets that stocked animal feeds sold either complete feeds or raw materials (e.g. maize germ, sunflower seeds, wheat bran, Bomena^fish (the silver cyprinid, Rastrineobola argentea), broken rice, cotton cake etc.). Some farmers used motorcycle operators to purchase and deliver feeds to their farms. For marketing purposes, outlets selling feeds displayed them in open spaces just outside their shops. Other businesses that were also operated through the agrovet shops included mobile money services popularly known as Bmpesa^, sale of cooking gases, hay, as well as eggs.
Characteristics of feed millers
Out of the 11 feed millers incorporated in the study, two were also agrovets and were therefore covered in the agrovet section, while the rest (9) were only engaged in animal feed processing. Millers distributed their feeds either through their own distribution outlets or as direct sales to farmers, and agrovets, who would in turn sell to the farmers. Their sources of raw materials included Tanzania (sunflower, cotton seed cake, polished rice), Uganda (rice germ and maize germ) and Rwanda (mostly sunflower). The reasons why millers preferred to import included 1) the non-or limited availability of the products in Kenya, 2) cheaper prices by up to 3 Kenya shillings (Ksh, USD 0.03) per kilogram of raw material and 3) perception that these were of better quality compared to what is locally available. Feed millers complained of poor quality of imported maize bran, which they said had high moisture content and often spoiled quickly. As a routine, and in order to allow for complete peeling of grains, maize millers in source countries add water to the maize during processing. The aim is to produce flour that is of premium quality but with less consideration on the quality of the by-products, such as the resulting bran. Raw materials meant for feed production can also become spoilt as a result of rains during transportation.
Use of mycotoxin binding products
All feed processors knew about mycotoxin binders but only about a half (52%) of agrovet sellers had heard of them. The binders were sold by 8% (4/49) of the agrovets and 33% (3/9) of the feed processors. Figure 3 summarises the main reasons why the surveyed agrovets did not sell mycotoxin binders. This chart is based on 17 agrovet shops who were not selling mycotoxin binders and whose respondents had heard of the product. Binders were purchased either by farmers formulating their own feeds, or by feed processors (two feed processors sold binders to fellow feed processors). Based on records from the Public Health department of the DVS, between January and March 2018, approximately 60 t of mycotoxin binders were imported, an amount about three times what was imported in a similar period in 2017. Novasil® and Mycosorb® were said to be the most popular mycotoxin binders. Other products also locally marketed as mycotoxin binders included Hepatox®, Bedgen 40 liquid® and Livergenplus® which were given to animals (usually chickens) known to have been fed on mouldy feeds or those clinically presenting with aflatoxicosis. These oral formulations are indicated for the treatment of several animal health problems including aflatoxicosis and enteric infections.
Three processors sometimes added mycotoxin binders to their feeds, and when probed for reasons for this selective usage, one said B...we only use binders when we have wheat with high moisture content, and also for maize germ from Uganda^, and another Bwe add the binder for ingredients that come through the port, e.g. rice / dog biscuits, as these get wet at the port especially portions that are kept next to the container during transport^. The third processor added mycotoxin binder only for pig, chick and broiler feeds as these are thought to be more sensitive to aflatoxins. The rest of the processors included binders in all their processed feeds. A summary of the binder types observed during the study period, with indications for their use, dosages and quantities sold is given in Table 1 . The product T5Z® was also reported but has not been included in the summary as data about the product was limited.
Data on binder amounts purchased by farmers was available in 5 outlets, 4 of which indicated that farmers purchased quantities of 1 kg and at costs ranging from between Ksh 290 to 1100/ kg (Table 2 ). In one of the agrovet outlets, the attendant had a machine that could measure small quantities of the binder for farmers, some of whom requested to be helped mix rations based on their own specifications.
Aflatoxin contamination problems
As a follow-up to the question on the use of mycotoxin binders by feed processors, we probed the reasons why aflatoxins continue to be detected in milk produced in urban and peri-urban areas, in spite of the reported use of mycotoxin binders by feed millers. Table 3 is a summary of the various responses obtained.
Standards and regulations on the use of mycotoxin binders
The office of the Directorate of Veterinary services (DVS) regulates the use of mycotoxin binders in the country. The Kenya Bureau of Standards (KEBS) is mandated to establish and enforce national standards (www.kebs.org). The Animal Feed Technical Committee is in charge of developing standards for animal feeds and KEBS is the secretariat. The committee is composed of representatives from the Ministry of Agriculture, the DVS, feed manufacturers, the Government Chemist, universities and consumer information network. Briefly, the process requires developing an initial draft, which may be reviewed several times before being submitted for approval by the Standards Approval Committee. The approved document is g a z e t t e d f o r u s e i n q u a l i t y a n d s u r v e i l l a n c e assessments. There are no specific standards that govern the use of mycotoxin binders in Kenya. Mycotoxin binders are imported as additives and their inclusion in feeds is not mandatory. Only the complete feed is required to comply with set standards for aflatoxin contamination. Cases where feed processors request to be exempted from compliance have been reported. For example, samples may test positive with levels exceeding the permitted level but the feed processor requests exemption on the basis of having reduced the risk of contamination using mycotoxin binders. Such requests are always declined. 
Research gaps identified during the key informant interviews
A number of research gaps were identified during the interviews (Table 4) ; when addressed, filling these gaps would support the development of standards for better regulation of mycotoxin binder use in the country.
Discussion
Over 50 animal feed sellers (including 11 millers) were identified in the present study. A previous study on the animal feed industry in Kenya estimated around 200 feed millers, concentrated in Nairobi and central Kenya: more than 90% were small-scale and around 40% of feed was for the dairy sector (KMT 2016). Most of the feed outlets in our study were agrovets. Agrovets are the main suppliers of agricultural and veterinary products in most of Kenya, especially maize producing areas and where livestock husbandry is intense. Although agrovets by law should be owned or managed by a veterinarian or para-veterinarian, vendors may not always be well informed about the products sold (Higham et al. 2016) . The wide range of goods sold, as demonstrated by our study, also militates against specialist knowledge. Our study found good awareness of supply chain problems that reduce feed quality. The high contamination of feed with aflatoxins in Kenya is well-documented has several factors including: widespread practice of using spoilt grains in the formulation of dairy rations (Lanyasunya et al. 2005) ; direct feeding of spoiled cereals to livestock (Kiama et al. 2016) ; climatic conditions that favour growth of aflatoxin producing moulds; weak surveillance tools; and the inability of farmers to meet minimum requirements for safer storage. The use of mycotoxin binders provides farmers with another option to block aflatoxin entry into the dairy value chain, avoiding the harmful health effects aflatoxin would cause once ingested (Whitlow 2006) , as well as its risk of transfer to milk.
While all the millers were aware of mycotoxins binders only half of the agrovet dealers were aware of them and fewer than 10% sold them. Moreover, processors used binders in an ad hoc rather than hazard-based way. The study did find evidence for eight different types of binder being used in Kenya. Assuming an average of 2 kg binder per tonne of feed, the amount imported would correspond to 120 thousand tonnes of treated feed or around 16% of livestock feed produced in Kenya (KMT 2016).
Both clay-based and yeast-based mycotoxin binder types were reported in the study. Novasil® is one of the most extensively studied clays (Ramos et al. 1996; Bulent et al. 2006; Phillips et al. 2008; Marroquin-Cardona et al. 2009; Kolosova and Stroka 2012) . It is a phyllosilicate that contains HSCAS (Huwig et al. 2001; Phillips et al. 2008) . Mycosorb®, marketed by Alltech (www.alltech.com/mycosorb-a-plus), is a yeast-based mycotoxin binder. Saccharomyces cerevisiae can bind aflatoxins transforming them to non-toxic substances * None of the visited outlets sold Novasil® (or used it in feed processing), and therefore data from the Kenyan reseller was used to give cost of the product per Kg Table 3 Factors likely contributing to occurrence of aflatoxins in milk produced in urban and peri-urban areas, according to feed processors in Kenya in April-May 2018
What was considered a cause of aflatoxin contamination Feed handling and storage • Lack of awareness about mould growth and aflatoxins (farmers, transporters, feed traders) • Poor grain storage practices -at the farm level where cereals are stored in damp paces, and for processed feeds (and raw materials) at the retail shops • Long storage of products which favours mould growth and spoilage Source and transportation of raw materials, and processing
• Shipping spoilage
• Transportation of products during the rainy season
• Poor processing of the products in source country
• Farmers cannot afford to purchase complete feeds make their own mix with poor quality, often local, materials
Government policies
• Weak regulation of policies governing transport of raw materials (EFSA 2009; Carlos et al. 2013) . Novasil is imported into Kenya, based on data from the Directorate of Veterinary offices. ILRI has recently implemented a pilot study to assess the use of this product in selected smallholder dairy systems of Kenya. However, none of the small millers interviewed included Novasil® in the production processes, and none of the agrovets sold it. It is therefore possible that the product is used by medium and large-scale feed processors, who were not included in the present study. Key informants considered it important to have information on the efficacy of binders in order to regulate them appropriately. There is very limited information on the efficacy of binders in the context of Kenya. Numerous mycotoxin detoxifiers are commercially available in many countries. Although claims are made about their aflatoxin mitigation effects, many products are not registered as mycotoxin detoxifiers because it is typically easier to register under other categories such as technical additives, feedstuff or digestibility enhancers (De Mill et al. 2015) . While the effect of these products on aflatoxin reduction has been demonstrated in many studies, there is considerable variation in their efficacy (Huwig et al. 2001; Phillips et al. 2002; Sahin and Sehu 2007) . A website consulted as part of the current study made reference to a binder ingredient for which no other information could be found. Mycotoxin binders should be rigorously evaluated in both in vitro and in vivo studies (Phillips et al. 2008 ). In addition, for those binders that meet the inclusion criteria, Brazil recommends their re-testing every six months (in vitro) and every 2 years (in vivo) to ensure the manufacturers are selling the same product that was initially approved (Zaviezo 2009) .
Kenya imports mycotoxin binders as feed additives and there are no specific standards governing their use in the country. The aflatoxin safety requirement is for the final product (feed) to have AFB1 levels that does not exceed the maximum limit (ML) of 5 μg/Kg. Such a limit would ensure the amount of AFM1 that is released in milk does not exceed the WHO/ FAO ML of 0.05 μg/ Kg. However, these limits are frequently exceeded in dairy feeds, with studies finding levels higher than 9000 μg/Kg ). While aflatoxin limits should be set as low as reasonably achievable to mitigate significant public health risks (CODEX 2009), low and middle-income countries such as Kenya also have to ensure that regulations are feasible, and any actions taken do not affect food security (Sirma et al. 2018) . Although, in theory, compliance with the set limits is assessed during routine factory and surveillance visits, studies have found that feed quality assurance (both internal and external) is very weak in Kenya (KMT 2016) . Moreover, the dairy value chain in Kenya is informal to a very large extent, with 80% of milk being sold outside the formal sector and much of the feed value chain also informal (Omore et al. 2004; Republic of Kenya 2013; KMT 2016) . This further complicates inspection and regulation as a tool to improve quality. Unsurprisingly, aflatoxin contamination has been reported in both formal and informal dairy market chains .
Some feed processors source their raw materials from neighbouring countries of East Africa. Quality is often low, perhaps because of the failure to impose quality controls on exports, the long transit time and poor transit quality (and rain exposure). In addition, there is a perception that the quality of raw materials meant for animal feed production is not important. The limited number of testing facilities in most border areas makes it difficult to ascertain quality of imports from neighbouring countries. Sampling and testing of aflatoxins, small quantities of compounds that are not evenly distributed, is not easy (Grace et al. 2015) . Furthermore, high laboratory charges may limit routine testing for surveillance. The East African Community (EAC) has adopted the following as maximum limits for aflatoxins: 0 .5μg/ kg for AFM1 in milk; 5 μg/kg for AFB1; and 10 μg/ kg for total aflatoxins. Compliance to EAC standards will lead to better health and will also bring about easier trade within and outside the region. Harmonization of standards should consider factors such as the characteristics of animals kept as well as the available feed types (Grace et al. 2015) . 
Conclusions
This study suggests the following conclusions:
& Further research: Different types of mycotoxin binders are being sold in the Kenyan markets. Tests to determine the local efficiency of binders are needed. Authorities could then use the results of these tests to define the specific criteria these binders need to meet before being sold in the markets. Brazil uses a three phased approach to approve the use of mycotoxin binders (Zaviezo 2009 ). Failure to implement regulations for mycotoxin binders negates guarantee of their safety (Murugesan et al. 2015) . & The use of mycotoxin binders is not a stand-alone strategy:
The use of mycotoxin binders alone cannot solve the problem of aflatoxin contamination, and cannot replace good production, handling, manufacturing practices, which are the primary mycotoxin control strategies. Standards could be raised if success on mycotoxin binder use is proven. & Affordability: The required doses for mycotoxin binders are quite small (about 0 .5kg in a tonne of feed). Selling mycotoxin binders in small quantities (1 kg vs. 25 kg) may encourage more farmers to purchase the product, and will also remove weighing and re-packing operations, and so cancel the possibility of adulteration. & Promoting awareness: It is important for stakeholders in the dairy value chain to understand the risks of aflatoxins, and the effects these cause in both animals and humans. 
